We present a case of absence of the portal vein and Laennec's cirrhosis in a 51-year-old female who was diagnosed with hepatocellular carcinoma (HCC). Only 101 cases of this malformation of the splanchnic vasculature have been reported of which 4 were reported to have HCC. Patient had disease progression while waiting for a liver transplant. Patient was treated with 3 separate conventional transarterial chemoembolization procedures at an outside hospital. At our institution, radioembolization of the right hepatic lobe was performed. She succumbed to liver insufficiency 8 years after being diagnosed with HCC. The features of this patient's clinical course are reviewed.
INTRODUCTION
The adult liver has a complex vascular architecture composed of two distinct circulatory systems. The liver is supplied by blood mostly from the portal vein (PV) and its intrahepatic branches, as well as the hepatic artery and its intrahepatic branches. The PV is responsible for carrying blood from the organs of the abdominal cavity such as the gastrointestinal tract, the spleen, pancreas, and biliary apparatus. In conventional anatomy, the splenic vein (SV) and the superior mesenteric vein (SMV) join to form the PV. The PV is then subdivided into right and left branches, which form small vessels throughout the liver that eventually drain into the sinus venosus [1] . During embryological development, the PV originates from the right and left vitelline veins between gestational weeks 4 to 10. There is selective involution and persistence of the peri-intestinal vitelline venous loops. The vitelline veins originally emerge from the yolk sac, cross the septum transversum, and drain into the sinus venosus. During the 3rd to 8th gestational week, abnormal patterns of involution and persistence may result in pre-duodenal, pre-biliary, or duplicated PV. Excessive involution can result in the absence of the PV as seen in type 1 portocaval shunts. Type 2 portocaval shunts may develop due to persistence of the right vitelline vein, where the shunt drains into the retrohepatic inferior vena cava (IVC), or the left vitelline vein, where the shunt drains into the suprahepatic IVC or right atrium [2] . A London surgeon by the name of John Abernethy [3] first described congenital absence of the PV in 1793 during a postmortem examination of a 10-month-old girl. Since, there have been 101 reported cases with 66% in women and most cases being in children. Most patients presented with encephalopathy, hepatopulmonary syndrome, or hepatorenal syndrome. Almost half of cases have liver masses at presentation such as focal nodular hyperplasia (FNH), adenomas, hepatoblastoma, or hepatocellular carcinoma (HCC) [4] . In 1994, Morgan and Superina [5] proposed a classification of portosystemic anomalies. Type 1 shunts are characterized by the absence of intrahepatic PV. Liver is not perfused with portal blood because of a complete shunt. A type 2 shunt is characterized as a partial shunt. The liver is perfused with portal blood in the presence of a partial shunt to systemic circulation. The type 1 shunts are subdivided into two further types, depending on the anatomy of the PV. The SV and the SMV drain separately into the IVC in a type 1a shunt. The SMV either drains into the IVC or the left renal vein. A confluence of SMV and SV is usually present in a type 1b shunt, but it does not supply the liver. While type 1 shunts are managed with liver transplant, type 2 shunts may be surgically ligated [5] .
In this report we will review a case of congenital absence of the portal vein (CAPV) in a 51-year-old woman who was diagnosed with HCC and had a history of Laennec's cirrhosis and a type Ib Abernethy malformation.
CASE REPORT
A 51-year-old female who was diagnosed in 2008 with HCC was referred to the interventional radiology clinic from the liver transplant service. She had been managed with conventional transarterial chemoembolization (c-TACE) on three separate occasions and she had signs of disease progression around the prior treated areas as marked by lipiodol. Imaging revealed PV agenesis (type 1b). Her clinical course was marked by Laennec's cirrhosis related to alcohol abuse complicated by occasional hepatic encephalopathy resulting in hospitalization. Limited pediatric history included only an episode of meningitis of unclear etiology and struggles with psychiatric illness. Histologic evaluation of liver parenchyma from a biopsy at presentation to transplant team revealed ballooning hepatocytes, mixed with collapsed hepatocytes, Mallory-Denk bodies, and glycogenated nuclei, which can be seen in the setting of alcoholic hepatitis. These were accompanied by bridging and pericellular fibrosis as seen after trichome staining to the extent of stage 3 or severe fibrosis. A trial of sorafenib failed due to development of a rash, fatigue and weight loss. Social history was positive for prior alcohol abuse but patient stopped drinking 3 years after being diagnosed with HCC.
Interventional radiology was consulted for another TACE procedure to downstage her disease to allow for a transplant 6 years after HCC initial diagnosis. At that point her liver profile was: alkaline phosphatase 720 U/L, aspartate aminotransferase 69 U/L, total bilirubin 2.6 mg/dL, ammonia 30 mcmol/L, albumin 3.0 g/dL. Her coagulation profile was normal (international normalized ratio was 1.02). Her alpha fetal protein (AFP) level was 357.1 ng/mL. Her Eastern Cooperative Oncology Group (ECOG) performance status was 0. Child Pugh score was B (8) therefore she had a expected 2-year overall survival of ~57% [6] . Her physical examination was unremarkable notably without asterixis. She had no significant cardiac history (ejection fraction of 55% on stress test). Surgical history was non contributive. When she was presented in transplant tumor board, abdominal ultrasound showed several lesions in the liver. Computed tomography (CT) with contrast showed a mass identified in segments 6 and 7 measuring 4.6 cm × 4.0 cm × 4.5 cm with surrounding hypoattenuation of the liver parenchyma [ Figure 1 ]. There was an additional hypodense lesion in segment 2 measuring 3.1 cm × 4.9 cm × 3.5 cm with some areas of hyperdensity. Both lesions were deemed to be changes secondary to prior TACE. Follow-up CT showed arterial enhancing lesions in the right liver lobe the dominant lesion had increased in size from 4.6 cm × 4.0 cm × 4.5 cm to 9.2 cm × 8.9 cm × 11.0 cm with washout, characteristics HCC findings [ Figure 2 ]. Absence of the right and left PV and confluence of the SV and SMV into the IVC was also noted [ Figure 3 ]. No collateral vessels to suggest cavernous transformation nor extrahepatic portal vein remnant can be seen. Based on the presence of multinodular disease without vascular invasion (although difficult to qualify given lack of PV), good performance status (ECOG 0), and liver function (Child Pugh B), her disease was classified as intermediate stage disease by the Barcelona Clinic Liver Classification (BCLC) system or BCLC B [7] .
At that point recommendation from the liver multidisciplinary tumor board was to repeat TACE. Yet, at the time of her evaluation in the interventional radiology clinic, TACE was not offered due to increased risk for abscess formation and progressive liver dysfunction. After referral to the oncology team, she received two intra-arterial chemoinfusions of cisplatin into the proper hepatic artery. Patient's disease continued to progress as markedly elevated AFP of 8779. Despite risk of hepatoxicity and elevated lung shunt of 21%, she subsequently underwent radioembolization to the right lobe of the liver. She received a dose of 1.06 gBq (29.1 mCi) of Yttrium-90 (Y-90) embolic resin spheres delivered to the right lobe of the liver.
Three months follow-up CT scan showed dramatic partial response with no further enhancement in the dominant mass [ Figure 4 ]. Incongruent to imaging findings AFP increased dramatically normalizing approximately 9 months after treatment [ Table 1 ]. Unfortunately liver dysfunction was exacerbated due to treatment [ Table 1 ] consistent with radiation embolization induced liver disease (REILD). Only further treatment received was octreotide and supportive care. She passed away after struggling with depression 8 years after initial diagnosis of HCC and 22 months after radioembolization therapy.
The determination of PV agenesis in this case was by imaging features only. No surgical or histopathological confirmation is available despite patient's ultimate demise. To the knowledge of the authors' no autopsy was performed.
DISCUSSION
In the case presented the mesenteric venous system and the SV joined to form a confluence of vessels yet this confluence drained directly into the suprarenal IVC. This malformation can be attributed to the embryological development of the portal venous system. This would be classified as type 1b shunt. There are currently 101 reported cases of CAPV. Of the reported cases, 66% of patients are females and about 70% had been diagnosed by age of 18 years; < 10% were associated with a type 2 malformation [4] . This patient presented to our institution to undergo liver transplant evaluation. Additional associated anomalies such as congenital heart disease were absent in this case.
CAPV is associated with hepatic tumors. Hepatic changes such as FNH, HCC and hepatoblastoma were seen in 40% of cases [1] . In this case, the patient presented with HCC. Research has shown that insulin, glucagon, and epidermal growth factor are delivered to the liver through the splanchnic venous system. These substances are vital for the hepatic regeneration. Therefore, it is suggested that absence of PV flow may result into abnormal hepatic development, function, and regenerative capacity as seen in this patient. Increased arterial hepatic flow may subsequently play a role in the development of hepatic neoplasms [8] .
To date, 4 cases of patients with CAPV have been reported to have HCC [1] . One case was reported in a 14-year-old female, however nature of the review focused on intestinal flora compensating to result in normal ammonia levels rather than tumor description and presentation [9] . In 2001, Lundstedt et al.
[10] eported a case of asymptomatic CAPV (type 1b shunt) found at time of resection of a 12-cm HCC thought to have arisen secondary to hepatitis B virus in a 51-year-old male. The patient remained disease free over 2-year followup period [10] Unlike our patient, there was no history of encephalopathy. Only the aspartate transaminase and alanine transaminase were mildly elevated [10] . Morotti et al. [11] reported a case of an 8-year-old female with Turner syndrome who was found to have CAPV at time of transplant. Liver transplantation was performed due to liver dysfunction (bilirubin 13.9 mg/dL) and concern for enlarging right and left liver lesions originally shown on biopsy to be FNH [11] . Explant specimen revealed well-differentiated HCC [11] . It was suggested that the combination of the hormonal therapy for Turner syndrome, and vascular anomaly may have contributed to the development of HCC [11] . Pichon et al. [12] noted PV absence on an ultrasound (US) for a 36-year-old female undergoing evaluation for abdominal pain and follow-up of liver masses. The SMV and SV were found on indirect venogram at angiography and surgical evaluation to have direct but separate drainage into the IVC consistent with a type 1a shunt [12] . A 12-cm dominant right HCC surrounded by small peripheral nodules were noted in the right hepatectomy specimen and the patient did well for the course of 2-year follow-up period [12] . As in the case presented here, the CAPV was found incidentally while undergoing evaluation for management of HCC.
How the absence of the PV effects imaging features and resultant diagnosis of HCC is unknown. Detection of the PV abnormality can be done with US, CT or magnetic resonance imaging (MRI). The former has the benefit of no radiation, but detecting alternate shunts is difficult with US. For this reason CT or MRI is preferred to trace the course of the SMV and SV [13] . It has been shown that PV thrombosis can results in parenchyma perfusion changes readily concealing the presence of tumor on enhanced images [14] . Hyperintensity on T2 and diffusion sequences can indicate the presence of HCC, particularly infiltrative HCC with corresponding hypointensity in comparison to liver parenchyma on T1 sequences [14] . It has been shown in the setting of PV thrombosis, arterial hypervascularity is not well perceived likely due to increased arterial supply to background liver parenchyma [15] . Washout however on portal venous phases was apparent in majority of these cases [15] . Washout kinetics are poorly understood but may be related to the proportion of intravascular space to interstitial space which is greater in tumor or increased arterial pressure leading to decreased intra-tumoral portal venous blood supply [15] [16] [17] [18] . In our case though heterogeneous appearance on arterial phase, both arterial enhancement and washout on venous phase were apparent.
Liver dysfunction has been reported in most cases of CAPV. Our patient had a background of Laennec's cirrhosis related to alcohol abuse as well as hepatic encephalopathy. Her liver function as discussed in the case presentation fluctuated throughout her clinical course.
The patient discussed in this case also had a history of fractures and osteopenia. Osteopenia and osteoporosis are important and common complications of chronic liver disease, receiving the generic definition of hepatic osteodystrophy (HO). The development of HO may be due to both increased bone resorption and decreased bone formation. Pathogenic mechanisms are diverse and very little is known about some of them: genetic factors, alterations in calcium-vitamin D metabolism, hyperbilirubinemia, and vitamin K and insulin-like growth factor-1 deficiency [19] .
The prognosis of patients affected with CAPV generally depends on associated heart and liver anomalies in infancy. Long-term prognosis depends on the control of hepatic dysfunction and metabolic irregularities. Forty-six cases have been reported to be associated with a congenital anomaly, of which 16 were congenital cardiac disease [4] . Congenital cardiac disease typically seen with CAPV includes: patent foramen ovale, patent ductus arteriosus, ventral septal defects, and atrial septal defects [1] . Liver transplantation has been performed to effectively treat symptomatic patients with congenital agenesis of the PV. CAPV should not be considered a contraindication to hepatic transplantation [1] . During an orthotopic liver transplant, the congenital portocaval shunt can be divided while repairing the caval defect and performing a PV anastomosis [20] . Patients with hyperammonemia, portosystemic encephalopathy, hepatopulmonary syndrome, or hepatic tumors may benefit dramatically from liver transplant. Cases have been reported where transplantation has successfully reversed the hepatopulmonary syndrome caused by the Abernathy malformation as well [20] . Other treatment modalities include balloon-occluded retrograde transvenous obliteration, embolization of shunt with coiling, and surgical modification of shunts [4] . Unfortunately at time of consultation in our institution the patient presented here was not eligible for transplant given the extent of HCC. This prompted multidisciplinary care focused downstaging her cancer. Radioembolization in the setting of PV thrombosis has been shown to be as effective and better tolerated than TACE as PV thrombosis increases risk of necrosis [21, 22] . Given progression after c-TACE, and lack of portal supply, radioembolization was favored as a treatment. It is suggested in some cases that a background of cirrhosis can protect from such injury [22] . In this case, c-TACE had already been performed at an outside facility. TACE has been shown to be safe and effective in patients with advanced or BCLC C disease which includes patients with varying degrees of PV thrombosis [23, 24] . However, PV thrombosis does portend a poorer prognosis [24] . As anticipated post embolization syndrome is the most common side effect reported post TACE, while encephalopathy was found in approximately 5% of patients, and elevated liver function tests as high as 20% of cases [23] . In a comparison, c-TACE and drug eluting bead TACE had similar safety profiles and survival rates comparable to treatment with sorafenib [23] . The use of AFP as an oncologic marker of response to loco-regional therapy for HCC has been proven to be effective [25] . The median time to response has been reported to be between 2 and 4 months therefore it has been suggested that AFP used to identify patients who do not respond to treatment and prompt earlier consideration of implementation of alternative strategies [25] . Cases such as the one discussed here where there is a dramatic increase in AFP despite imaging response with delayed response in the marker (~7 months) have not widely been reported. Elevated levels of AFP have been seen in the setting of hepatic necroinflammatory activity, which could lead to over production of AFP [26] . This may explain the incongruent increase in AFP initially with delayed response in this case.
Despite dramatic imaging response and eventual decline of AFP, the patient developed REILD, which results from normal hepatic parenchyma exposure to radiation. The clinical course is driven by a form of sinusoidal obstruction syndrome marked by jaundice, ascites and mild increase in liver function tests. After 3 months bilirubin can rise to 3 or higher [27] . The incidence of REILD is reported to be between 0%-4% overall [28] . The patient was known to be at higher risk given decompensated liver function in the past therefore lobar approach was selected. However in patient with cirrhosis REILD has been noted in 0%-33% of patients who underwent whole liver treatment and 8%-15% in patients who underwent partial liver treatment [27] . Management as in this case is supportive.
In this case the patient did derive a survival benefit from radioembolization. Patients with intermediate stage HCC are expected to have a median survival of 16 months from time of diagnosis [29] . After radioembolization the patient survived another 22 months. The biology of her disease suggests that initial disease was less aggressive given that she survived 8 years beyond diagnosis.
In conclusion, congenital agenesis of the PV is a rare congenital anomaly due to abnormal embryologic progression. The prognosis of patients affected with CAPV can vary depending on associated heart and liver anomalies in infancy or the progression of hepatic dysfunction. Those patients are at risk of developing HCC. Liver transplantation has been effective in patients with hepatic dysfunction. When transplantation cannot be offered loco-regional therapy can offer palliative disease control and improved overall survival. However liver directed therapy in this population could be associated with increased risk of liver failure.
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